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(54) ELECTRICALLY ASSISTED BICYCLE

(57) An electric assist bicycle is provided so as to
detect a torque by means of a magneto-striction torque
sensor and keep high torque detection capability while
detecting a rotation of a crank shaft or the like. The outer
periphery of a crank shaft 7a has a cylindrical human
power transmission member 28 having a torque sensor
31 for detecting a human driving force, an intermediate
cylinder 23 that receives a human driving force transmit-
ted from the human power transmission member 28, and
an interlocking member 29 that receives the human driv-
ing force transmitted from the intermediate cylinder 23.
A one-way clutch 30 is disposed between the intermedi-
ate cylinder 23 and the interlocking member 29. A rotation
detector 10 is provided to detect a rotation of a rotating
body 11 attached to the intermediate cylinder 23. The
rotation detector 10 is an optical sensor.
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Description

Technical Field

[0001] The present invention relates to an electric as-
sist bicycle capable of traveling with a combination of a
human driving force generated by a pedal force from a
pedal and an auxiliary driving force generated by a motor

Background Art

[0002] A known electric assist bicycle including a motor
powered from a power storage such as a battery detects
a human driving force, which includes a pedal force ap-
plied to a pedal, by means of a torque sensor and adds
an auxiliary driving force (assisting force) of the motor
according to the human driving force. Thus, such an elec-
tric assist bicycle can smoothly travel on an uphill and so
on.
[0003] For example, as shown in FIG. 14, a motor drive
unit 102 containing a motor 101 and so on is disposed
at the location of a crank shaft 103 in an electric assist
bicycle (for example, Patent Literature 1). Moreover, an
electric assist bicycle 100 configured thus has the rela-
tively heavy motor drive unit 102 that is disposed at a low
position at the center of the electric assist bicycle 100
(that is, the intermediate point between the front wheel
and the rear wheel) in the longitudinal direction thereof.
Thus, a front wheel 110 and a rear wheel 111 of the elec-
tric assist bicycle 100 configured thus can be more easily
lifted than an electric assist bicycle having a motor in the
hub of the front or rear wheel. Such an electric assist
bicycle 100 can easily pass over a step of a path, achiev-
ing ease of handling a body 113 and high traveling sta-
bility.
[0004] In the motor drive unit 102 configured thus, as
shown in FIGS. 15 and 16, a magneto-striction torque
sensor 105 that detects a human driving force may be
provided on the outer periphery of a human power trans-
mission member (intermediate shaft) 104 that receives
a human driving force transmitted from the crank shaft
103 and a portion opposed to the outer periphery. Spe-
cifically, a magneto-striction generation portion 105a is
formed on the outer periphery of the human power trans-
mission member 104 and coils 105b for detecting a
change of magnetism are disposed in a noncontact man-
ner so as to be opposed to the magneto-striction gener-
ation portion 105a. When right and left pedals 112 (see
FIG. 14) are pressed, the crank shaft 103 is twisted by a
pedal force (human driving force), allowing the torque
sensor 105 to detect a twisted state of the human power
transmission member 104 that receives a human driving
force transmitted from the crank shaft 103.
[0005] In FIGS. 15 and 16, reference numeral 106 de-
notes an interlocking member (inner portion) connected
to a cylinder (outer portion) 109, which is fit onto the hu-
man power transmission member 104 via a one-way
clutch (claw member) 107. Reference numeral 108 de-

notes a driving sprocket serving as a driving force output
wheel attached to the end of the interlocking member
106.
[0006] As disclosed in, for example, Patent Literature
2, the motor drive unit of an electric assist bicycle may
mechanically detect a torque (human driving force). In
this structure, however, components come into contact
with each other at a torque detection point so as to cause
a mechanical resistance. If the remaining output amount
of a battery runs out and an auxiliary driving force cannot
be added, a load to a rider may disadvantageously in-
crease.
[0007] In contrast, in the motor drive unit 102 that de-
tects a torque (human driving force) by means of the mag-
neto-striction torque sensor 105 shown in FIGS. 14 to
16, the coils 105b for detecting a torque (human driving
force) are not in contact with the magneto-striction gen-
eration portion 105a. Thus, even if the remaining output
amount of a battery runs out and an auxiliary driving force
cannot be added, a load is hardly applied to a rider.
[0008] In the motor drive unit 102, the magneto-stric-
tion generation portion 105a is formed on the human pow-
er transmission member 104 that is a separated member
from the crank shaft 103, providing the following advan-
tage:

A bending stress is applied to the two ends of the
crank shaft 103 in addition to a torque (human driving
force) applied in the rotation direction. The bending
stress is a rider’s weight partially applied downward
from a rider’s foot via the pedals 112 so as to bend
the crank shaft 103. Thus, if the magneto-striction
generation portion is formed on the crank shaft, the
bending stress may cause an external disturbance
factor or noise, leading to lower torque detection ca-
pability. Moreover, a material sufficiently resistant to
a large bending stress needs to be selected for the
crank shaft, considerably limiting the scope of selec-
tion of materials. In some cases, only a material hav-
ing low torque detection capability may be selected.

[0009] In the motor drive unit 102 shown in FIGS. 14
to 16, the magneto-striction generation portion 105a is
formed on the human power transmission member 104
that is a separated member from the crank shaft 103,
and thus the magneto-striction generation portion 105a
is less affected by a bending stress than the crank shaft
103. This can achieve higher torque detection capability
than in the formation of the magneto-striction generation
portion on the crank shaft. Moreover, the human power
transmission member 104 can be made of a material
suitable for forming the magneto-striction generation por-
tion 105a on the outer periphery of the human power
transmission member 104, thereby improving the torque
detection capability.
[0010] The one-way clutch (claw member) 107 is pro-
vided in the motor drive unit 102 for the following reason:
even if a rider stops pressing the pedals 112 on such a
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conventional electric assist bicycle, the motor 101 is con-
trolled so as to keep rotating for a while (so-called delay
control is performed). In this case, the absence of the
one-way clutch 107 may transmit an auxiliary driving
force from the motor 101 to the crank shaft 103, causing
the pedals 112 to rotate without being pedaled by the
rider. Thus, the one-way clutch 107 interrupts an auxiliary
driving force from the motor 101 so as not to apply such
a force to the crank shaft 103 or the pedals 112.
[0011] The motor drive unit 102 including the magneto-
striction torque sensor 105 may be provided with a rota-
tion sensor 115 (see FIG. 16) that detects the rotations
of the crank shaft 103 and so on. In the motor drive unit
102, the rotation sensor 115 faces the outer periphery of
the cylinder (outer portion) 109 engaged with the human
power transmission member 104. Rotation detecting
teeth, permanent magnets and the like are fixed on the
outer periphery of the cylinder (outer portion) 109. If the
rotation detecting teeth are formed, the rotation sensor
115 is a so-called pickup sensor (magnetic sensor) in-
cluding a permanent magnet and a coil.

Citation List

Patent Literatures

[0012]

Patent Literature 1: Japanese Patent Laid-Open No.
2009-208710
Patent Literature 2: Japanese Patent Laid-Open No.
10-81292

Summary of Invention

Technical Problem

[0013] In the motor drive unit 102 shown in FIGS. 14
to 16, however, a permanent magnet and so on provided
in the rotation sensor 115 or the cylinder (outer portion)
109 are close to the magneto-striction torque sensor 105.
This may cause an external disturbance factor or noise,
leading to lower torque detection capability.
[0014] The present invention has been devised to
solve the problem. An object of the present invention is
to provide an electric assist bicycle that can detect a
torque by means of a magneto-striction torque sensor,
detect the rotations of a crank shaft and so on, and keep
high torque detection capability without transmitting an
auxiliary driving force from a motor to the crank shaft
when a rider stops pedaling.

Solution to Problem

[0015] In order to solve the problem, an electric assist
bicycle according to the present invention is an electric
assist bicycle capable of traveling with a combination of
a human driving force generated by a pedal force from

a pedal and an auxiliary driving force generated by a
motor provided in a motor drive unit disposed at the in-
termediate position between a front wheel and a rear
wheel, the electric assist bicycle being configured such
that a cylindrical human power transmission member for
receiving a transmitted human driving force is disposed
on the outer periphery of a crank shaft for receiving the
human driving force from the pedal, the human power
transmission member having a magneto-striction gener-
ation portion for a torque sensor for detecting the human
driving force, an interlocking member is disposed on the
outer periphery of the crank shaft so as to receive, from
one end of the interlocking member, the human driving
force transmitted from the human power transmission
member and includes a driving force output wheel at-
tached to another end of the interlocking member so as
to be coaxial with the crank shaft, and a driving force from
the interlocking member is transmitted to the rear wheel
through the driving force output wheel and an endless
driving force transmission member looped over the hu-
man driving force output wheel, the human power trans-
mission member being engaged with an intermediate cyl-
inder provided on the outer periphery of the crank shaft
with a one-way clutch disposed between the intermediate
cylinder and the interlocking member, the electric assist
bicycle further including a rotation detector that detects
a rotation of one of the intermediate cylinder and the hu-
man power transmission member, the rotation detector
being an optical sensor.
[0016] With this configuration, the magneto-striction
torque sensor can detect a torque and the rotation de-
tector can detect a rotation of the intermediate cylinder
or the human power transmission member and a rotation
of the crank shaft or the pedal. Moreover, the one-way
clutch disposed between the intermediate cylinder and
the interlocking member can prevent transmission of an
auxiliary driving force from the motor to the crank shaft
when a rider stops pedaling. Since an optical sensor is
used as the rotation detector that detects a rotation of
the intermediate cylinder or the human power transmis-
sion member, the rotation detector does not cause an
external disturbance factor or noise that reduces torque
detection capability when a torque (human driving force)
is detected, unlike a magnetic sensor used as the rotation
detector. This can achieve satisfactory torque detection.
[0017] The present invention further includes a rotating
body attached to a position corresponding to the rotation
detector on the outer periphery of the intermediate cyl-
inder or the human power transmission member, the ro-
tating body blocking or reflecting light of the optical sen-
sor. In this configuration, a rotation of the crank shaft may
be detected by detecting light emitted to the rotating body
provided on the crank shaft so as to block or reflect light
of the optical sensor. In this configuration, however, the
rotating body blocking or reflecting light of the optical sen-
sor is attached to the outer periphery of the intermediate
cylinder or the human power transmission member, and
thus the location of the rotating body has a larger diam-
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eter than in the case where the rotating body for blocking
or reflecting light of the optical sensor is provided on the
crank shaft. This can improve the resolution of the rota-
tion detector. In a specific example of the rotating body,
the rotating body includes a disc or cylinder having cir-
cumferentially formed toothing parts, and outgoing parts
and light receiving parts are provided between the tooth-
ing parts. In this case, the disc or cylinder having the
toothing parts is attached to the intermediate cylinder or
the human power transmission member having a larger
diameter than the crank shaft. This can increase the
number of the toothing parts located with a relatively large
diameter without drastically increasing dimensions radi-
ally from the inner part to the outer part of the disc or
cylinder, thereby improving the resolution of the rotation
detector as compared with in the formation of the toothing
parts located with a relatively small diameter. In order to
obtain the same resolution for the rotation detector in the
attachment of the rotating body to the crank shaft, the
dimensions of the disc or cylinder having the toothing
parts may be increased radially from the inner part to the
outer part of the disc or cylinder. In this case, the disc or
cylinder having the toothing parts is likely to be deformed.
To address this problem, the rotating body is attached to
the intermediate cylinder or the human power transmis-
sion member that is provided on the outer periphery of
the crank shaft, eliminating the need for drastically in-
creasing dimensions radially from the inner part to the
outer part of the disc or cylinder. This can minimize the
possibility of deformation of the rotating body.
[0018] The rotation detector of the present invention is
configured so as to detect a stopped or reversed rotation
of the pedal. This configuration can detect a stopped or
reversed rotation of the pedal.
[0019] According to the present invention, the inter-
locking member combines a human driving force trans-
mitted through the human power transmission member
and an auxiliary driving force from the motor. The inter-
locking member may be replaced with an auxiliary driving
force output wheel that is engaged with the endless driv-
ing force transmission member so as to output an auxil-
iary driving force outputted from the motor.
[0020] The present invention further includes a decel-
eration mechanism disposed on an auxiliary-driving-
force transmission path, the deceleration mechanism in-
cluding a reduction gear and a reduction gear support
shaft that supports the reduction gear; and a one-way
clutch for interrupting a human driving force, the one-way
clutch being provided between the reduction gear and
the reduction gear support shaft so as to prevent trans-
mission of a human driving force to the motor.
[0021] With this configuration, even if the pedals are
rotated when a battery runs out, the one-way clutch for
interrupting a human driving force is provided between
the reduction gear and the reduction gear support shaft
so as to eliminate the need for rotating the reduction gear
and motor. Thus, it is not necessary to apply an excessive
force to the pedals.

[0022] According to the present invention, the motor,
the deceleration mechanism, and a control unit are as-
sembled into the motor drive unit, and the motor and the
control unit overlap each other in side view and are op-
posed to each other in the width direction of the motor
drive unit.
[0023] With this configuration, the area of the motor
drive unit in side view (laterally projected area) can be
advantageously reduced (made more compact). The mo-
tor and the control unit are opposed to each other in the
width direction of the motor drive unit and thus the control
unit is hardly affected by heat from the motor so as to
keep high reliability.

Advantageous Effects of Invention

[0024] According to the present invention, the cylindri-
cal human power transmission member and the interme-
diate cylinder engaged with the human power transmis-
sion member are provided on the outer periphery of the
crank shaft, the human power transmission member hav-
ing the magneto-striction generation portion for the
torque sensor for detecting a human driving force, and
the rotation detector for detecting a rotation of the inter-
mediate cylinder or the human power transmission mem-
ber is an optical sensor. This configuration can easily and
reliably detect a rotation of the intermediate cylinder or
the human power transmission member that rotates in-
tegrally with the crank shaft, without magnetically affect-
ing the torque sensor. The torque sensor may serve as
the rotation detector. As compared with the case where
the torque sensor serves as the rotation detector, rota-
tions can be easily and reliably detected under simple
control, advantageously leading to quick detection.
[0025] Furthermore, the rotating body that blocks or
reflects light of an optical sensor is attached to the posi-
tion corresponding to the rotation detector on the outer
periphery of the intermediate cylinder or the human pow-
er transmission member, allowing the rotation detector
to have a relatively high resolution. Also in the case where
the rotating body is a disc or cylinder attached to the outer
periphery of the intermediate cylinder or the human pow-
er transmission member with the toothing parts formed
around the disc or cylinder, it is not necessary to drasti-
cally increase dimensions radially from the inner part to
the outer part of the rotating body. This can minimize the
possibility of deformation of the toothing parts and so on,
thereby keeping high reliability.
[0026] Furthermore, the deceleration mechanism is
disposed on the auxiliary-driving-force transmission
path, the deceleration mechanism including the reduc-
tion gear and the reduction gear support shaft that sup-
ports the reduction gear. The one-way clutch for inter-
rupting a human driving force is provided to prevent trans-
mission of a human driving force to the motor, between
the reduction gear and the reduction gear support shaft.
Thus, even if the pedals are pressed and rotated when
a battery runs out, the reduction gears and the motor do
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not need to be rotated, eliminating the need for applying
an excessive force to the pedals (a so-called drag resist-
ance can be considerably reduced).
[0027] The motor, the deceleration mechanism, and
the control unit are assembled into the motor drive unit.
Moreover, the motor and the control unit overlap each
other in side view and are opposed to each other in the
width direction in front view (or planar view). With this
configuration, the area of the motor drive unit in side view
(laterally projected area) can be reduced (made more
compact), particularly as a single-shaft motor drive unit.
The control unit is hardly affected by heat from the motor
so as to keep high reliability.

Brief Description of Drawings

[0028]

[FIG. 1] FIG. 1 is an overall side view of an electric
assist bicycle according to an embodiment of the
present invention.
[FIG. 2] FIG. 2 is a partially cut side view of the electric
assist bicycle.
[FIG. 3] FIG. 3 is a side view of the motor drive unit
of the electric assist bicycle (a driving sprocket is
omitted).
[FIG. 4] FIG. 4 is a plane section showing the motor
drive unit of the electric assist bicycle (a plan section
taken along line IV-IV of FIG. 3).
[FIG. 5] FIG. 5 is an enlarged plane section showing
the principal part of the motor drive unit of the electric
assist bicycle.
[FIG. 6] FIG. 6 is a side view showing a rotation de-
tector and a rotating body for the motor drive unit of
the electric assist bicycle.
[FIG. 7] FIG. 7 is an explanatory drawing showing
the operations of the rotation detector and the rotat-
ing body for the motor drive unit.
[FIG. 8] FIG. 8 is an explanatory drawing showing
the operations of the rotation detector and the rotat-
ing body for the motor drive unit.
[FIG. 9] FIG. 9 is an enlarged plane section showing
the motor drive unit of an electric assist bicycle ac-
cording to another embodiment of the present inven-
tion.
[FIG. 10] FIG. 10 is a partially cut side view showing
an electric assist bicycle according to still another
embodiment of the present invention.
[FIG. 11] FIG. 11 is a plane section showing the mo-
tor drive unit of the electric assist bicycle.
[FIG. 12] FIG. 12 is an enlarged plane section show-
ing the principal part of the motor drive unit of the
electric assist bicycle.
[FIG. 13] FIG. 13 is an enlarged plane section show-
ing the principal part of the motor drive unit of an
electric assist bicycle according to still another em-
bodiment of the present invention.
[FIG. 14] FIG. 14 is a side view of a conventional

electric assist bicycle.
[FIG. 15] FIG. 15 is a plane section showing the mo-
tor drive unit of the conventional electric assist bicy-
cle.
[FIG. 16] FIG. 16 is a plane section showing the prin-
cipal part of the motor drive unit of the conventional
electric assist bicycle.

Description of Embodiments

[0029] An electric assist bicycle according to embodi-
ments of the present invention will be described below
with reference to the accompanying drawings. In the fol-
lowing explanation, a lateral direction and a longitudinal
direction are set relative to the traveling direction of a
rider on an electric assist bicycle 1. The present invention
is not limited to the following configurations.
[0030] In FIGS. 1 and 2, reference numeral 1 denotes
the electric assist bicycle according to the embodiment
of the present invention. As shown in FIGS. 1 and 2, the
electric assist bicycle 1 includes a metallic frame 2 having
a head tube 2a, a front fork 2b, a main tube 2c, a seat
tube 2d, a chain stay 2e, and a seat stay 2f, a front wheel
3 rotatably attached to the lower end of the front fork 2b,
a rear wheel 4 rotatably attached to the rear end of the
chain stay 2e, a handle bar 5 that changes the direction
of the front wheel 3, a saddle 6, a crank 7 and pedals 8
that receive a human driving force including a pedal force,
a motor drive unit 20 including an electric motor 21 (see
FIG. 4) serving as a driving source for generating an aux-
iliary driving force (assist force) and a control unit 24 (see
FIG. 4) for electrically controlling the motor 21 and so on,
a battery 12 including a secondary battery for supplying
driving power to the motor 21, a manual operation part
(not shown) that is attached to, for example, the handle
bar 5 so as to be operated by a rider and so on, a driving
sprocket (may be called a front sprocket, a crank sprock-
et, or a front gear) 13 that is attached so as to coaxially
rotate with a crank shaft 7a and serves as a driving force
output wheel for outputting the resultant force of a human
driving force and an auxiliary driving force, a rear sprocket
(may be called a rear gear) 14 serving as a rear wheel
attached to a hub (also called a rear hub) 9 of the rear
wheel 4, a chain 15 serving as an endless driving force
transmission member rotatably wound around the driving
sprocket 13 and the rear sprocket 14 in an endless man-
ner, and a chain cover 17 that laterally covers the chain
15 and so on. The battery 12 is an example of a power
storage and is preferably a secondary battery. Another
example of a power storage may be a capacitor. The
crank 7 includes crank arms 7b that are laterally provided
and the crank shaft 7a that connects the right and left
crank arms 7b.
[0031] As shown in FIGS. 1 and 2, also in the electric
assist bicycle 1, the motor drive unit 20 is disposed at
the intermediate position between the front wheel 3 and
the rear wheel 4, for example, substantially behind the
crank shaft 7a (specifically, under the intermediate posi-
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tion). This configuration locates the relatively heavy mo-
tor drive unit 20 at the center of the electric assist bicycle
1 in the longitudinal direction. Thus, the front wheel 3 and
the rear wheel 4 are easily lifted and the electric assist
bicycle can easily pass over a step of a path, achieving
ease of handling of the body (e.g., the frame 2) of the
electric assist bicycle 1 and high traveling stability.
[0032] FIG. 3 is a side view of the motor drive unit 20
(the driving sprocket 13 is omitted). FIG. 4 is a plane
section showing the motor drive unit 20.
[0033] As shown in FIGS. 3 and 4, the motor drive unit
20 includes a unit case 22 constituting an outer case.
The unit case 22 includes a motor case 22a, a left case
22b, and a right case 22c. The crank shaft 7a laterally
penetrates the front of the motor drive unit 20. Moreover,
the outer periphery of the crank shaft 7a has a human
power transmission member 28 that is substantially cy-
lindrical and receives a human driving force transmitted
from the crank shaft 7a, an intermediate cylinder 23 that
receives the human driving force transmitted from the
human power transmission member 28, and an interlock-
ing member 29 acting as a combined-force member that
receives the human driving force from the intermediate
cylinder 23 through a one-way clutch (a one-way clutch
for interrupting an auxiliary driving force) 30 and com-
bines the human driving force transmitted through the
human power transmission member 28 and so on and
an auxiliary driving force from the motor 21. Furthermore,
a deceleration mechanism 25 including a reduction gear
36 is disposed at the center of the unit case 22 in the
longitudinal direction, the motor 21 is disposed on the left
side of the rear of the unit case 22, and the control unit
24 is disposed on the right side of the rear of the unit
case 22. The control unit 24 includes a control printed
circuit board 24a that has electronic components for per-
forming kinds of electrical control and a storage contain-
ing kinds of information.
[0034] Specifically, as shown in FIGS. 4 and 5, the
crank shaft 7a laterally penetrating the front of the motor
drive unit 20 is rotatably disposed with bearings 26 and
27. The cylindrical human power transmission member
28 is fit onto the outer periphery of the left part of the
crank shaft 7a via a serration part (or spline part) 7c such
that the human power transmission member 28 rotates
as an integral part. Moreover, a serration part (or spline
part) 28b is formed at a point corresponding to the ser-
ration part (or spline part) 7c of the crank shaft 7a inside
the human power transmission member 28. The serration
part 2Bb is engaged with the serration part (spline part)
7c of the crank shaft 7a.
[0035] A magneto-striction generation portion 31b hav-
ing magnetic anisotropy is formed on the outer surface
of the human power transmission member 28. Coils 31a
are disposed with a certain clearance (space) on the out-
er periphery of the magneto-striction generation portion
31b. The magneto-striction generation portion 31b and
the coils 31a constitute a magneto-striction torque sensor
(human power detection part) 31. With this configuration,

a human driving force from the crank shaft 7a is trans-
mitted to the human power transmission member 28 and
is detected by the torque sensor 31. In the magneto-stric-
tion torque sensor 31, the magneto-striction generation
portion 31b is spirally formed with an angle of, for exam-
ple, +45° to -45° with respect to the axial direction of the
human power transmission member 28. When a human
driving force is transmitted to the human power transmis-
sion member 28, the magneto-striction generation por-
tion 31b on the surface of the human power transmission
member 28 is distorted so as to cause portions thereof
to increase or decrease in magnetic permeability. Thus,
a difference in the inductance of the coil 31a is measured
so as to detect the magnitude of a torque (human driving
force). In the present embodiment, this configuration
even allows, but not exclusively, detection of a reverse
rotation of the crank shaft 7a.
[0036] The intermediate cylinder 23 is disposed next
to the right side of the human power transmission mem-
ber 28 on the outer periphery of the crank shaft 7a so as
to rotate with respect to the crank shaft 7a. The interme-
diate cylinder 23 is fit with a serration part (or spline part)
28a formed on the outer periphery of the right end of the
human power transmission member 28 and a serration
part (or spline part) 23a formed on the inner periphery of
the left end of the intermediate cylinder 23. In the present
embodiment, the serration part (or spline part) 23a
formed on the inner periphery of the left end of the inter-
mediate cylinder 23 is fit onto the serration part (or spline
part) 28a of the human power transmission member 2B.
[0037] As has been discussed, the one-way clutch
(one-way clutch for interrupting an auxiliary driving force)
30 is disposed between the intermediate cylinder 23 and
the interlocking member 29, the intermediate cylinder 23
is attached inside the one-way clutch 30, and the inter-
locking member 29 is attached to the outside of the one-
way clutch 30. The interlocking member 29 is disposed
on the outer periphery of the crank shaft 7a so as to rotate
with respect to the crank shaft 7a and receive an auxiliary
driving force from the motor 21. The one-way clutch 30
transmits a human driving force from the intermediate
cylinder 23 to the interlocking member 29 in a forward
direction but does not transmit an auxiliary driving force
from the interlocking member 29 to the crank shaft 7a or
the pedals 8 through the intermediate cylinder 23 in the
forward direction. In other words, even if a rider stops
pressing the pedals 8 on the electric assist bicycle 1, so-
called delay control is conducted so as to keep rotating
the motor 21 for a while. The one-way clutch 30 interrupts
an auxiliary driving force so as to prevent the crank shaft
7a and the pedals 8 from keeping rotating.
[0038] As shown in FIGS. 5 and 6, the motor drive unit
20 includes the intermediate cylinder 23 that is a member
rotating integrally with the crank shaft 7a and two rotation
detectors 10 (10A and 10B) that detect the rotations of
the crank shaft 7a and the pedals B. In the present em-
bodiment, a pair of optical sensors, each of which in-
cludes an outgoing part 10a and a light receiving part
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10b, are disposed in parallel (specifically, in the rotation
direction of toothing parts 11b of a rotating body 11 that
is described later) so as to constitute the rotation detec-
tors 10 (10A and 10B, see FIGS. 6 to 8). The rotating
body 11 that passes or interrupts light from the rotation
detectors 10 (10A and 10B) is attached to the outer pe-
riphery of the left end of the intermediate cylinder 23. The
rotating body 11 has a substantially cylindrical mounting
part 11a that is attached and fixed to the outer periphery
of the left end of the intermediate cylinder 23 and the
toothing parts (light-shielding parts) 11b that are circum-
ferentially extended like comb toothing parts from the left
end of the mounting part 11a. The toothing parts 11b and
tooth spaces (light passage parts) 11c between the tooth-
ing parts 11b pass through a light emitting path between
the outgoing part 10a and the light receiving part 10b of
the rotation detector 10 (10A, 10B). Thus, the rotation
detector 10 detects the number of revolutions (the
amount of rotation) of the intermediate cylinder 23, the
crank shaft 7a, or the pedals 8. As shown in FIGS. 7 and
8 (the layout is reversed from FIG. 6), the two rotation
detectors 10A and 10B are disposed so as to output sig-
nals with a phase difference of 90°. This varies input sig-
nals depending on the rotation directions of the rotation
detectors 10A and 10B, thereby detecting the forward
and backward directions of the intermediate cylinder 23,
the crank shaft 7a, or the pedals B based on an input
signal. As shown in FIGS. 4 and 5, in the present em-
bodiment, the rotation detector 10 is attached to the in-
stallation point of the rotating body 11 via a support mem-
ber 18 extended rearward from the inside of the front end
of the unit case 22.
[0039] Moreover, a large-diameter gear 29b for receiv-
ing an auxiliary driving force from the motor 21 is inte-
grally formed on the outer periphery of the left side of the
interlocking member 29 while the driving sprocket 13
serving as a driving force output wheel is fit onto the outer
periphery of the right end of the interlocking member 29
so as to rotate integrally with the interlocking member
29. The bearing 27 fit onto the interlocking member 29
rotatably supports the crank shaft 7a via the interlocking
member 29. A thin bearing or the like may be disposed
between the interlocking member 29 and the crank shaft
7a, between the intermediate cylinder 23 and the crank
shaft 7a, or between the inner surface of the right side
of the human power transmission member 28 and the
crank shaft 7a.
[0040] As shown in FIG. 4, the motor 21 has a rotating
shaft 21a and a rotor 21b that are rotatably supported by
bearings 32 and 33. The rotating shaft 21a of the motor
21 protrudes to the right. A toothing part 21c is formed
around the protruding part. The deceleration mechanism
25 is configured such that the running torque (auxiliary
driving force) of the motor 21 is amplified and is trans-
mitted to the large-diameter gear 29b of the interlocking
member 29 through the reduction gear 36. In this config-
uration, a reduction-gear small-diameter support shaft
(an example of the reduction-gear support shaft, will be

simply abbreviated as a small-diameter support shaft)
36a rotatably supported by bearings 34 and 35 and a
reduction-gear large-diameter support shaft (another ex-
ample of the reduction-gear support shaft, will be simply
abbreviated as a large-diameter support shaft) 36b hav-
ing a larger diameter than the small-diameter support
shaft 36a are integrally formed on the support shaft (re-
duction-gear support shaft) of the reduction gear 36. A
deceleration small-diameter gear (an example of the re-
duction gear, will be simply abbreviated as a small-diam-
eter gear) 36c, which is a separate part of the small-
diameter support shaft 36a, is assembled to the outer
periphery of the small-diameter support shaft 36a so as
to rotate integrally with the small-diameter support shaft
36a via a press-fitted or serration part (or spline part).
Moreover, the small-diameter gear 36c is engaged with
the large-diameter gear 29b of the interlocking member
29. Meanwhile, a reduction large-diameter gear (another
example of the reduction gear, will be simply abbreviated
as a large-diameter gear) 36d is disposed on the outer
periphery of the large-diameter support shaft 36b of the
reduction gear 36, and the large-diameter gear 36d is
engaged with the toothing part 21c of the rotating shaft
21a of the motor 21. Between the large-diameter support
shaft 36b and the large-diameter gear 36d of the reduc-
tion gear 36, a one-way clutch 37 for interrupting a human
driving force is provided to prevent transmission of a turn-
ing force from the interlocking member 29 to the motor 21.
[0041] If the inner periphery of the large-diameter gear
36d of the reduction gear 36 is rotated based on a motor
output (auxiliary driving force), e.g., a certain auxiliary
driving force during traveling is outputted, in a direction
in which the driving sprocket 13 moves forward relative
to the outer periphery of the large-diameter support shaft
36b opposed to the large-diameter gear 36d (e.g., if the
number of revolutions of the inner periphery of the large-
diameter gear 36d of the reduction gear 36 in the forward
direction is larger than that of the outer periphery of the
large-diameter support shaft 36b, which is opposed to
the large-diameter gear 36d, in the forward direction),
the one-way clutch 37 operates so as to transmit an aux-
iliary driving force, which has been transmitted to the
large-diameter gear 36d of the reduction gear 36, directly
to the large-diameter support shaft 36b. Moreover, the
auxiliary driving force is transmitted to the large-diameter
gear 29b of the interlocking member 29 via the small-
diameter support shaft 36a and the small-diameter tooth-
ing part 36c. Thus, a human driving force and the auxiliary
driving force are combined in the interlocking member
29 and the resultant force is transmitted from the driving
sprocket 13 serving as a driving force output wheel to
the rear wheel 4 through the chain 15.
[0042] On the other hand, if the inner periphery of the
large-diameter gear 36d of the reduction gear 36 is ro-
tated based on a motor output (auxiliary driving force),
e.g., the battery 12 runs out and the pedals 8 are pressed
without an auxiliary driving force outputted from the motor
21, opposite to the direction in which the driving sprocket

11 12 



EP 2 998 211 A1

8

5

10

15

20

25

30

35

40

45

50

55

13 moves forward relative to the outer periphery of the
large-diameter support shaft 36b opposed to the large-
diameter gear 36d (if the number of revolutions of the
inner periphery of the large-diameter gear 36d of the re-
duction gear 36 in the forward direction is smaller than
that of the outer periphery of the large-diameter support
shaft 36b, which is opposed to the large-diameter gear
36d, in the forward direction), the auxiliary driving force
transmitted to the large-diameter gear 36d of the reduc-
tion gear 36 is interrupted by the one-way clutch 37 so
as not to be transmitted to the large-diameter support
shaft 36b.
[0043] With this configuration, if the battery 12 runs out
and the pedals 8 are pressed without an auxiliary driving
force outputted from the motor 21, a human driving force
rotates the small-diameter gear 36c, the small-diameter
support shaft 36a, and the large-diameter support shaft
36b but does not rotate the large-diameter gear 36d and
the rotating shaft 21a and the rotor 21b of the motor 21.
[0044] In this configuration, when the pedal 8 is
pressed during forward traveling, a human driving force
based on a pedal force applied to the pedal 8 is trans-
mitted from the crank shaft 7a to the human power trans-
mission member 28, the intermediate cylinder 23, and
the interlocking member 29, and then the human driving
force is detected by the torque sensor 31 provided on
the human power transmission member 28. Moreover,
an auxiliary driving force corresponding to the human
driving force is transmitted to the interlocking member 29
through, for example, the reduction gear 36 of the decel-
eration mechanism 25, and then a resultant force com-
bined on the interlocking member 29 is transmitted from
the driving sprocket 13 to the rear wheel 4 through the
chain 15. This can facilitate riding on an uphill road and
so on with the auxiliary driving force (assist force) applied
from the motor 21 corresponding to the human driving
force.
[0045] If a rider stops pressing the pedals 8 during rid-
ing, the rotations of the crank shaft 7a and the interme-
diate cylinder 23 are also stopped, accordingly. Thus,
the stopped state is detected by the rotation detector 10
and then the motor 21 is immediately stopped or braked.
The motor 21 is immediately stopped or braked when a
rider stops pressing the pedals 8 during riding, preventing
excessive driving of the motor 21 so as to suppress ex-
haustion of the battery 12.
[0046] In this configuration, the rotation detector 10
(10A, 10B) is an optical sensor. This can easily and re-
liably detect a rotation of the intermediate cylinder 23
without magnetically affecting the torque sensor 31. Spe-
cifically, if the rotation detector 10 is an additionally pro-
vided magnetic sensor and a magnet is partially embed-
ded into the intermediate cylinder or the rotation detector
is a magnetometric sensor having a magnet, noise may
occur during torque detection, for example, a magnetic
field generated by the magneto-striction generation por-
tion 31b may be changed, leading to deterioration of
torque detection capability. Using an optical sensor as

the rotation detector 10 can easily and reliably detect a
rotation of the intermediate cylinder 23 while keeping high
torque detection capability. Moreover, using an optical
sensor as the rotation detector 10 can easily and reliably
detect rotations under simple control, leading to quick
detection. Advantageously, a stopped or reversed rota-
tion of the pedals 8 and the crank shaft 7a can be quickly
detected to stop the motor 21 immediately.
[0047] In this configuration, the rotating body 11 is at-
tached to the outer periphery of the intermediate cylinder
23. Since the intermediate cylinder 23 is disposed on the
outer periphery of the crank shaft 7a, the location of the
rotating body 11 has a larger diameter than in the case
where the rotating body 11 is provided on the crank shaft
7a. Thus, also in the attachment of the rotating body 11
radially having the same height, the number of the tooth-
ing parts 11b formed on the rotating body 11 can be in-
creased and rotations can be detected by the rotation
detector 10 without failure, thereby improving the reso-
lution of the rotation detector 10.
[0048] In order to obtain the same resolution for the
rotation detector 10 when the rotation detector 10 includ-
ing an optical sensor is attached to the crank shaft 7a, a
disc having toothing parts or the like may be radially in-
creased in size from the inner part to the outer part of the
disc. In this case, a disc or cylinder having toothing parts
or the like is likely to be deformed. In contrast, the attach-
ment of the rotating body 11 to the intermediate cylinder
23 disposed on the outer periphery of the crank shaft 7a
eliminates the need for extremely increasing dimensions
radially from the inner part to the outer part of the rotating
body 11. This can minimize the possibility of deformation
on the toothing parts lib of the rotating body 11 or the like.
[0049] The rotating body 11 may be attached to, as
shown in FIG. 9, the human power transmission member
28 disposed on the outer periphery of the crank shaft 7a,
instead of to the intermediate cylinder 23. With this con-
figuration, the installation point of the rotating body 11 is
slightly smaller in diameter than the intermediate cylinder
23 and thus may lead to a smaller resolution. However,
the human power transmission member 28 and the crank
shaft 7a are integrally rotated, allowing satisfactory de-
tection of the rotations of the human power transmission
member 28, the crank shaft 7a, and the pedals 8. If the
rotating body 11 is attached to the intermediate cylinder
23, the intermediate cylinder 23 is likely to be affected
by vibrations and so on from the one-way clutch 30 for
interrupting an auxiliary driving force, whereas if the ro-
tating body 11 is attached to the human power transmis-
sion member 28, advantageously, the human power
transmission member 28 is hardly affected by vibrations
and so on from the one-way clutch 30.
[0050] The rotating body 11 is attached to the human
power transmission member 28 by bonding or press-fit-
ting. The rotating body 11 assembled to the human power
transmission member 28 by press-fitting may cause dis-
tortion on the human power transmission member 28 due
to a pressing force so as to adversely affect the torque
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sensor 31. In contrast, the rotating body 11 attached to
the intermediate cylinder 23 does not cause such a prob-
lem and thus the rotating body 11 can be easily and re-
liably attached and fixed to the intermediate cylinder 23
without adversely affecting the torque sensor 31.
[0051] In the present embodiment, the rotating body
11 having the light-shielding toothing parts 11b is provid-
ed, but not exclusively, so as to detect light passing
through the tooth spaces 11c between the toothing parts
11b. For example, the same rotating body and a light-
receiving part at a light reflecting position may be provid-
ed to detect a rotational position or the number of revo-
lutions in response to input of reflected light.
[0052] In the configuration, the rotation detector 10 for
detecting the rotations of the interlocking member 29, the
human power transmission member 28, and the crank
shaft 7a is provided and the control unit 24 detects the
forward rotations (the forward direction of the electric as-
sist bicycle 1) of the interlocking member 29, the human
power transmission member 28, and the crank shaft 7a.
In this case, even if the bicycle temporarily slows down
or a torque is changed by a pedal force temporarily re-
duced when the pedal 8 reaches a top dead center or a
bottom dead center, a change of an auxiliary driving force
may be controlled to a smaller change. This configuration
can suppress a change of an auxiliary driving force during
traveling, improving riding comfort.
[0053] Furthermore, in the configuration, the reduction
gear 36 of the deceleration mechanism 25 is disposed
on an auxiliary-driving-force transmission path from the
motor 21 to the interlocking member 29, the deceleration
mechanism 25 including the small-diameter and large-
diameter gears 36c and 36d that serve as a plurality of
reduction gears, and the small-diameter and large-diam-
eter support shafts 36a and 36b that serve as reduction
gear support shafts supporting the small-diameter and
large-diameter gears 36c and 36d. In the present em-
bodiment, between the large-diameter gear 36d and the
large-diameter support shaft 36b, the one-way clutch 37
for interrupting a human driving force is provided to pre-
vent transmission of a human driving force from the in-
terlocking member 29 to the motor 21.
[0054] With this configuration, if the battery 12 runs out
and the pedals 8 are pressed without an auxiliary driving
force outputted from the motor 21, a human driving force
rotates the small-diameter gear 36c, the small-diameter
support shaft 36a, and the large-diameter support shaft
36b but does not rotate the large-diameter gear 36d and
the rotating shaft 21a and the rotor 21b of the motor 21.
Thus, it is not necessary to apply an excessive force to
the pedals B (a so-called drag resistance can be consid-
erably reduced).
[0055] In the present embodiment, as shown in FIG.
3, the motor 21 and the control unit 24 substantially over-
lap each other in side view. Thus, the area of the motor
drive unit 20 in side view (laterally projected area) can
be advantageously reduced (made more compact) as
the motor drive unit 20 of a so-called single-shaft type

that outputs a human driving force and an auxiliary driving
force from a single shaft (in the present embodiment, the
driving sprocket 13). The motor 21 and the control unit
24 in front and side views are opposed to each other in
the width direction of the motor drive unit 20 (the motor
21 is disposed on the left side while the control unit 24
is disposed on the right side). Thus, the control unit 24
is hardly affected by heat from the motor 21 so as to keep
high reliability.
[0056] In the present embodiment, the one-way clutch
37 for interrupting a human driving force is disposed be-
tween the large-diameter gear 36d and the large-diam-
eter support shaft 36b. Instead, the one-way clutch 37
for interrupting a human driving force may be disposed
between the small-diameter gear 36c and the small-di-
ameter support shaft 36a.
[0057] In the present embodiment, the electric assist
bicycle 1 includes, but not exclusively, the motor drive
unit 20 of a so-called single-shaft type that outputs a hu-
man driving force and an auxiliary driving force from the
single shaft. As shown in FIGS. 11 to 13, an electric assist
bicycle 40 of FIG. 10 includes a motor drive unit 50, a
so-called double-shaft type that includes an auxiliary-
driving-force output sprocket 51 serving as an auxiliary-
driving-force output wheel for outputting an auxiliary driv-
ing force from the motor 21, in addition to the driving
sprocket 13 serving as a human-driving-force output
wheel disposed on one end of the crank shaft 7a. In the
motor drive unit 50, the rotation detector 10 includes an
optical sensor for detecting a rotation of the intermediate
cylinder 23 or the human power transmission member
28 that rotates integrally with the crank shaft 7a.
[0058] As shown in FIGS. 11 and 12, in the present
embodiment, an auxiliary driving force from the motor 21
is outputted from the auxiliary-driving-force output
sprocket 51 through the deceleration mechanism 25, and
then the auxiliary driving force is combined on the chain
15 serving as an endless driving force transmission mem-
ber and is transmitted to the rear wheel 4. As in the em-
bodiment, as shown in FIGS. 12 and 13, the rotating body
11 is attached to the intermediate cylinder 23 or the hu-
man power transmission member 28, the rotation detec-
tor 10 including an optical sensor detects a rotation of
the intermediate cylinder 23 or the human power trans-
mission member 28 and rotations of the crank shaft 7a
and the pedals 8. The same effect as in the foregoing
embodiment can be obtained in the present embodiment.

Industrial Applicability

[0059] The present invention is applicable to a variety
of electric assist bicycles capable of traveling with a com-
bination of a human driving force generated by a pedal
force from a pedal and an auxiliary driving force gener-
ated by a motor.
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Claims

1. An electric assist bicycle capable of traveling with a
combination of a human driving force generated by
a pedal force from a pedal and an auxiliary driving
force generated by a motor provided in a motor drive
unit disposed at an intermediate position between a
front wheel and a rear wheel,
the electric assist bicycle being configured such that
a cylindrical human power transmission member for
receiving a transmitted human driving force is dis-
posed on an outer periphery of a crank shaft for re-
ceiving the human driving force from the pedal, the
human power transmission member having a mag-
neto-striction generation portion for a torque sensor
for detecting the human driving force,
an interlocking member is disposed on the outer pe-
riphery of the crank shaft so as to receive, from one
end of the interlocking member, the human driving
force transmitted from the human power transmis-
sion member and includes a driving force output
wheel attached to another end of the interlocking
member so as to be coaxial with the crank shaft, and
a driving force from the interlocking member is trans-
mitted to the rear wheel through the driving force
output wheel and an endless driving force transmis-
sion member looped over the human driving force
output wheel,
the human power transmission member being en-
gaged with an intermediate cylinder provided on the
outer periphery of the crank shaft with a one-way
clutch disposed between the intermediate cylinder
and the interlocking member,
the electric assist bicycle further comprising a rota-
tion detector that detects a rotation of one of the in-
termediate cylinder and the human power transmis-
sion member,
the rotation detector being an optical sensor.

2. The electric assist bicycle according to claim 1, fur-
ther comprising a rotating body attached to a position
corresponding to the rotation detector on an outer
periphery of one of the intermediate cylinder and the
human power transmission member, the rotating
body blocking or reflecting light of the optical sensor.

3. The electric assist bicycle according to one of claims
1 and 2, wherein the rotation detector is configured
so as to detect a stopped or reversed rotation of the
pedal.

4. The electric assist bicycle according to any one of
claims 1 to 3, wherein the interlocking member com-
bines a human driving force transmitted through the
human power transmission member and an auxiliary
driving force from the motor.

5. The electric assist bicycle according to any one of

claims 1 to 3, further comprising an auxiliary driving
force output wheel engaged with the endless driving
force transmission member so as to output an aux-
iliary driving force outputted from the motor.

6. The electric assist bicycle according to any one of
claims 1 to 5, further comprising a deceleration
mechanism disposed on an auxiliary-driving-force
transmission path, the deceleration mechanism in-
cluding a reduction gear and a reduction gear sup-
port shaft that supports the reduction gear; and
a one-way clutch for interrupting a human driving
force, the one-way clutch being provided between
the reduction gear and the reduction gear support
shaft so as to prevent transmission of a human driv-
ing force to the motor.

7. l The electric assist bicycle according to any one of
claims 1 to 6, wherein the motor, the deceleration
mechanism, and a control unit are assembled into
the motor drive unit, and
the motor and the control unit overlap each other in
side view and are opposed to each other in a width
direction of the motor drive unit.

Amended claims under Art. 19.1 PCT

1. (Amended) An electric assist bicycle capable of
traveling with a combination of a human driving force
generated by a pedal force from a pedal and an aux-
iliary driving force generated by a motor provided in
a motor drive unit disposed at an intermediate posi-
tion between a front wheel and a rear wheel,
the electric assist bicycle being configured such that
a cylindrical human power transmission member for
receiving a transmitted human driving force is dis-
posed on an outer periphery of a crank shaft for re-
ceiving the human driving force from the pedal, the
human power transmission member having a mag-
neto-striction generation portion for a torque sensor
for detecting the human driving force,
an interlocking member is disposed on the outer pe-
riphery of the crank shaft so as to receive, from one
end of the interlocking member, the human driving
force transmitted from the human power transmis-
sion member and includes a driving force output
wheel attached to another end of the interlocking
member so as to be coaxial with the crank shaft, the
interlocking member combining, in the motor driving
unit, the human driving force and an auxiliary driving
force transmitted in the motor drive unit from the mo-
tor, and
a driving force from the interlocking member is trans-
mitted to the rear wheel through the driving force
output wheel and an endless driving force transmis-
sion member looped over the human driving force
output wheel,
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the electric assist bicycle comprising:

a deceleration mechanism on an auxiliary-driv-
ing-force transmission path from the motor to
the interlocking member, the deceleration
mechanism including a reduction gear and a re-
duction gear support shaft that supports the re-
duction gear,
a one-way clutch for interrupting a human driving
force, the one-way clutch being disposed be-
tween the reduction gear and the reduction gear
support shaft so as to prevent a human driving
force transmitted in the motor drive unit from the
interlocking member from being transmitted to
the motor,
the human power transmission member being
engaged with an intermediate cylinder on the
outer periphery of the crank shaft with a one-
way clutch for interrupting an auxiliary driving
force between the intermediate cylinder and the
interlocking member, and
a rotation detector that detects a rotation of one
of the intermediate cylinder and the human pow-
er transmission member, the rotation detector
being an optical sensor.

2. The electric assist bicycle according to claim 1,
further comprising a rotating body attached to a po-
sition corresponding to the rotation detector on an
outer periphery of one of the intermediate cylinder
and the human power transmission member, the ro-
tating body blocking or reflecting light of the optical
sensor.

3. The electric assist bicycle according to one of
claims 1 and 2, wherein the rotation detector is con-
figured so as to detect a stopped or reversed rotation
of the pedal.

4. Deleted)

5. Deleted)

6. Deleted)

7. (Amended) The electric assist bicycle according
to any one of claims 1 to 3, wherein the motor, the
deceleration mechanism, and a control unit are as-
sembled into the motor drive unit, and
the motor and the control unit overlap each other in
side view and are opposed to each other in a width
direction of the motor drive unit.
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